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Vincent J. Murphy and Leonard C. Harrison patients. Here we present findings contradicting this
intriguing hypothesis.Autoimmunity and Transplantation Division
The Walter and Eliza Hall The Endogenous IDDMK1,2 22 Provirus
Is Not a Novel RetrovirusInstitute of Medical Research
Royal Melbourne Hospital HERV-K is an endogenous retrovirus family of old world
monkeys and humans with homologies to type B andParkville 3050
Australia D retroviruses. Within the approximately 50 proviral cop-
ies of this HERV family only very few of the full-length
William A. Rudert, Patrizia Luppi, genomes (designated type 2) have retained colinear
coding capacity. As this HERV family codes for the hu-and Massimo Trucco
Division of Immunogenetics man teratocarcinoma-derived retrovirus (HTDV), it was
tentatively designated HTDV/HERV-K to discriminate itDepartment of Pediatrics
University of Pittsburgh from other MMTV-related HERV families with primer-
binding sites for tRNA lysine (HERV-K). A subclass ofSchool of Medicine and Children's Hospital
Pittsburgh, Pennsylvania 15213 HTDV/HERV-K proviruses (type 1) is characterized by a
deletion affecting the C terminus of the integrase domain
Alessandra Fierabracci, Paul Andrew Biro, and the amino terminus of the envelope (Env), the signal
peptide region (reviewed by LoÈ wer et al., 1996). Theand Gian Franco Bottazzo*²
Department of Immunology deletion also eliminates the first exon of the corf gene,
an accessory gene that enhances the expression ofSt Bartholomew's and the Royal London
School of Medicine and Dentistry structural proteins. This function is lacking in cell types
in which only type 1 proviruses are expressed. In addi-Turner Street, London E1 2AD
United Kingdom tion, many type 1 proviruses do not exhibit env splicing
(LoÈ wer et al., 1995). Most of the HTDV/HERV-K provi-*The Autoimmune Diseases Charitable Trust
28 Glenilla Road ruses carry stop codons in their env genes preventing
expression of functional Env proteins. Sequence com-London NW3 4AN
United Kingdom parison clearly shows that the truncated IDDMK1,222 env
sequence identified by Conrad et al. stems from one of
these proviruses. It is a type 1 element similar to theReferences
proviruses K10 and K18 described previously (Ono, 1986).
Benoist, C., and Mathis, D. (1997). Nature 388, 833±834. The sequence information available for IDDMK1,2 shows
Bottazzo, G.F. (1993). Diabetes 42, 778±780. a 3% difference to K10 in env and in the long terminal
repeats (LTRs), the most variable regions of a virus, andConrad, B., Weidmann, E., Trucco, G., Rudert, W.A., Behboo, R.,
Ricordi, C., Rodriquez-Rilo, H., Finegold, D., and Trucco, M. (1994). a near identity to the LTRs of K18. In summary Conrad
Nature 371, 351±355. et al. have identified one of the proviruses of a well-
Conrad, B., and Trucco, M. (1994). Diab. Metab. Rev. 10, 309±338. studied HERV family.
Conrad, B., Weissmahr, R.N., Boeni, J., Arcari, R., Schuepbach, J., There Is No Evidence that the RT Activity Detected
and Mach, B. (1997). Cell 90, 303±313. in the Supernatant of IDDM Islets Originated
Nakagawa, K., and Harrison, L.C. (1996). Immunol. Rev. 152, 193±236. from the IDDMK1,2 22 Provirus
Nakagawa, K., Brusic, V., McColl, G., and Harrison, L.C. (1997). In human teratocarcinoma cell lines, it is easy to detect
Arthritis Rheum. 40, 627±638. virus particles by electron microscopy or viral transcripts
by Northern blots (Figure 1) although the level of expres-
² To whom correspondence should be addressed. Present address: sion is significantly lower than that seen with exogenous
Ospedale Pediatrico Bambino GesuÂ , Scientific Institute, Direzione
retroviruses. To measure reverse transcriptase activity,Scientifica, via Piazza S Onofrio, 4, 00165 Roma, Italy.
concentration of particles by ultracentrifugation is re-
quired for even the most sensitive of assays. A simple
explanation may be that many HTDV/HERV-K proviralDevelopment of Insulin-Dependent
RT genes do not code for enzymatically active proteins
Diabetes Mellitus Does Not Depend when studied in recombinant expression systems (ToÈ njes
et al., 1996). HTDV/HERV-K sequences only are de-on Specific Expression of the Human
tected in RNA isolated from HTDV particle preparationsEndogenous Retrovirus HERV-K (Simpson et al., 1996).
Although no evidence for the physical presence of
Insulin-dependent diabetes mellitus (IDDM) is a b cell± particles or of virus transcripts is presented, Conrad
specific, T cell±mediated autoimmune disease. Last year, et al. also describe a low level of RT activity in the
Bernard Conrad and coworkers proposed that the b supernatant of cell lines derived from IDDM islets with
cell destruction is caused by the systemic activation of a similar extremely sensitive test system (Pyra et al.,
autoreactive T cells due to the expression of a superanti- 1994). However, using a modified version (Weissmahr
gen encoded by an endogenous retrovirus (HERV-K) on et al., 1997) of the RU5-PCR approach published pre-
the surface of antigen-presenting cells (Conrad et al., viously (LoÈ wer et al., 1993), they surprisingly amplified
1997). The search for this putative superantigen had not only HTDV/HERV-K sequences in the IDDM particle
been initiated by the observation of a pancreatic enrich- fractions but also a variety of other HERV-K families
such as an element identified in the complement (C4)ment of the Vb7 family of T cell receptor chains in two
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Figure 1. HTDV/HERV-K Expression
(A) HTDV/HERV-K particles expressed in human teratocarcinoma cells. Ultrathin section, (B) immunolabeling with goat anti HERV-K Gag
antibody in ultrathin frozen section (right). Bar represents 250 nm. (C) HERV-K mRNA expression in human tissues. Steady state levels of
HERV-K mRNA were revealed by hybridizations of commercially available Northern blots (Clontech). Lane 1, spleen; 2, thymus; 3, prostate;
4, testis; 5, ovary; 6, small intestine; 7, colon; 8, primary blood mononuclear cells (PBMC). Probes: radiolabeled HERV-K env probe (upper
panel, ToÈ njes et al., 1997) and actin probe (lower panel). Arrow indicates full-length transcripts.
locus. If the 100-fold increase in RT activity in the islet levels in a panel of diabetes patients and healthy blood
donors with the primers described by Conrad et al. (lo-supernatant described by Conrad et al. had originated
from the presence of viral particles, one would have cated exclusively in the 39LTR) and with HERV-K-spe-
cific primers designed to amplify other regions of theexpected a similar accumulation of the matching viral
genome as in HTDV particles. The lack of such a specific genome, especially the env gene. In this study no differ-
ence was observed in the prevalence of HERV-K plasmaenrichment may indicate that the collected material, al-
though banding at the density of a retrovirus, merely RNA in IDDM patients (n 5 14, of which 9 were of recent
onset) versus healthy blood donors (n 5 12).contains polyribosomes or nucleoproteins associated
with a variety of diverse endogenous retrovirus tran- The failure to assign specific HERV-K expression to
diabetes patients is not unexpected as we have foundscripts.
In addition, there is no real proof that an IDDMK1,222 that full-length and even spliced transcripts of this en-
dogenous retrovirus family are present at low level in aprovirus exists at all. In the multistep, nested PCR ap-
proach to clone IDDMK1,222, only the primer in the R variety of normal tissues including lymphocytes (see
Figure 1). Taking into account that during the onset ofregion of the 39LTR used to amplify the 39 part of the
genome is specific for IDDMK1,222- or K18-like provi- diabetes autoreactive T cells are activated, an early rise
in plasma RNA level could merely reflect increased num-ruses. The 59 part may be derived from any other provirus
as the primers will amplify many HTDV/HERV-K se- bers of decaying cells. However, because no differences
in patients versus healthy controls were detected, anquences. It is not clear from the publication whether a
full-length cDNA had been the template for IDDMK1,222 additional quantitative RT-PCR approach was not per-
formed.or whether this sequence was generated using the over-
lapping 59 and 39 amplicons as templates. The latter The primers used by Conrad et al. for the epidemiolog-
ical study are located in highly conserved parts of theprocedure most probably would have resulted in a mo-
saic element. As no controls for the RT-PCR reactions U3 and R regions as judged from the many LTR se-
quences we have studied so far. Thus, they are notare shown, the template for the entire procedure may
also have been contaminating DNA. Thus, IDDMK1,222 specific for the IDDMK1,222 sequence in contrast to the
R primer used to clone the 39 part of the genome.may be identical to the K18 provirus or it may turn out
to be a composite sequence due to the cloning proce- The Lack of Disease-Specific HERV-K Expression
Is Paralleled by the Lack of Disease-Specificdure. At the moment, only portions of the sequence are
published or deposited in the databases. Even if the HERV-K Antibodies
Although the action of a superantigen may not necessar-IDDMK1,222 provirus would code for an RT protein, an
enzymatic activity remains speculative until demon- ily correlate with the induction of a humoral immune
response to viral structural proteins, the presence ofstrated.
In summary, the data presented by no means exclude virus particles as indicated by Conrad et al. certainly
would do so. More than 40 sera collected from patientsthat the RT activity detected in the IDDM supernatants
originated from HTDV/HERV-K proviruses other than with IDDM have been tested for HERV-K-specific anti-
bodies using the following test systems: (a) immunofluo-IDDMK1,222 or from other HERV families. LINE elements
expressed in T cell lines are another likely source for rescence staining of a virus-producing teratocarcinoma
cell line, (b) Western blot analyses using virus particlethe RT activity.
Occurrence of HERV-K RNA Is Not Confined preparations or recombinant Env protein as antigen, and
(c) ELISA reactivity against diagnostic synthetic Gag andto or Elevated in Diabetes Patients
Taking precautions not to amplify contaminating DNA, Env peptides. All these test systems are routinely used
to screen panels of sera from diverse groups of patientswe repeated the epidemiological study of plasma RNA
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and healthy blood donors. Among these we usually see recently reported similar results using human and mu-
rine test systems (Symposium on ªRetroviruses and Au-3% reactivity in normal blood donors with tests (a) and
toimmunity,º 1998, London). However, murine A20 cells(c) (Boller et al., 1997). The same rate of reactivity is
transiently transfected with the IDDMK1,222-related ex-detected in IDDM patients, yet there is no concordance
pression clone did not stimulate corresponding BALB/cof results between the test systems. Using recombinant
T cells in a Vb-specific fashion while A20 cells trans-Env protein as antigen in Western blots (ToÈ njes et al.,
fected with an MMTV superantigen induced a Vb14-1997), we detect a higher percentage of positive reac-
selective expansion of T cells. Truncating the longer Envtions (20%±25%) in both IDDM patients and healthy
sequence to the size of IDDMK1,222 did not alter thecontrols. Similar results have been reported with differ-
negative result.ent panels of patient sera (Vogetseder et al., 1993). In
Clearly, further studies including more HTDV/HERV-Ksummary, these findings are in agreement with the ob-
sequences as well as the expression clone establishedservation that HERV-K plasma RNA levels are similar in
by Conrad et al. are needed to either confirm or refuteIDDM and healthy blood donors and raise the question
the hypothesis that a superantigen is encoded by thiswhether the antibody reactions are based on the expres-
HERV family. If the superantigen exists, its involvementsion of HERV-K proteins or are induced by a cross-
in the onset or progression of insulin-dependent diabe-reacting antigen of unknown origin. Remarkably, the
tes mellitus needs to be examined. With regard to otheranti-Env Western blot reactivity detected in IDDM pa-
bacterial and especially viral superantigens, it seemstients and healthy controls is not associated with a cor-
very unlikely that the sequence published by Conrad etresponding reactivity to Gag proteins, again arguing
al. would be unique amongst all HTDV/HERV-K provi-against the presence of virus particles.
ruses in encoding a superantigen.In contrast, with all the test systems used an antibody
response with high titers is consistently detected in ap-
Roswitha LoÈ wer,*§ Ralf R. ToÈ njes,* Klaus Boller,*proximately 80% of patients with testicular tumors. This
Joachim Denner,* Bernd Kaiser,* Robert C. Phelps,*is probably the consequence of upregulation of HTDV/
Johannes LoÈ wer,* Reinhard Kurth,*HERV-K proteins, which are easily detected in testicular
Klaus Badenhoop,² Horst Donner,²tumor cell lines and in thin sections of germ cell tumors
Klaus Henning Usadel,² Thomas Miethke,³stained with polyclonal and monoclonal antisera spe-
Matthias Lapatschek,³ and Hermann Wagner³cific for recombinant Gag, Env, and cORF proteins and
*Paul Ehrlich Institutepatient's sera. Patients with testicular tumors always
Paul Ehrlich Str. 51-59develop a strong anti-Gag immune response in addition
D-63225 Langento anti-Env antibodies (LoÈ wer et al., 1996; Sauter et al.,
Germany1966).
²Department of Medicine IFailure to Detect a Superantigen Function Encoded
University of Frankfurtby a HERV-K Env-Expressing Vector
Theodor-Stern-Kai 7Conrad et al. stated that the sequence of the truncated
D-60596 FrankfurtIDDMK1,222 env gene encoded a superantigen. Se-
Germanyquence comparison with a variety of additional HTDV/
³ Immunology and HygieneHERV-K env sequences revealed extensive homologies
Institute of Medical Microbiologywith only a few nucleic acid substitutions. The superanti-
Technical University of Munichgen sequences encoded by mouse mammary tumor vi-
Trogerstr. 4a
rus (MMTV) also differ between virus strains, in particular
D-81675 Munich
within the COOH-terminal residues that may contribute
Germany
to their Vb specificity.
As the IDDMK1,222 expression clone was not available References
to test for superantigen function, we amplified and
Boller, K., Janssen, O., Schuldes, H., ToÈ njes, R.R., and Kurth, R.cloned an HTDV/HERV-K sequence using a 59 primer
(1997). J. Virol. 71, 4581±4588.corresponding to the IDDMK1,222 superantigen sequence
Conrad, B., Weissmahr, R.N., BoÈ ni, J., Arcari, R., SchuÈ pbach, J.,and the 39 primer R-poly(A) described by Conrad et al.
and Mach, B. (1997). Cell 90, 303±313.As the 39 R-poly(A) primer was not RNA specific, we
GuÈ nzburg, W.H., Heinemann, F., Wintersberger, S., Miethke, T.,used genomic DNA as the template. The Env sequence
Wagner, H., Erfle, V., and Salmons, B. (1993). Nature 364, 154±158.obtained differed from IDDMK1,222 by six amino acids.
LoÈ wer, R., LoÈ wer, J., Tondera-Koch, C., and Kurth, R. (1993). VirologyOne exchange abrogated the premature Env termination
192, 501±511.
signal leading to a longer putative superantigen protein;
LoÈ wer, R., ToÈ njes, R.R., Korbmacher, C., Kurth, R., and LoÈ wer, J.
the other changes were G46→V, H48→R, T115→P, (1995). Virology 69, 141±149.
G123→E, and V140→A. Preliminary attempts to use the LoÈ wer, R., LoÈ wer, J., and Kurth, R. (1996). Proc. Natl. Acad. Sci.
THP1 cell line for expression of the Env protein failed USA 93, 5177±5184.
due to insufficient transfection efficiency (less than 1% Ono, M. (1986). J. Virol. 58, 937±944.
transfectants with a reporter gene using different trans- Pyra, H., BoÈ ni, J., and SchuÈ pbach, J. (1994). Proc. Natl. Acad. Sci.
fection methods). We therefore used a well-established USA 91, 1544±1548.
murine system (GuÈ nzburg et al., 1993) that allows for Sauter, M., Roemer, K., Best, B., Afting, M., Schommer, S., Seitz,
higher transfection efficiencies (30%±40% using elec-
troporation). There is as yet no evidence that superanti- § To whom correspondence should be addressed (e-mail: loero@
pei.de).gens are species specific and, indeed, Conrad et al.
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G., Hartmann, M., Mueller-Lantzsch, N. (1996). Cancer Res. 56, separate oligonucleotide primers complementary to the
4362±4365 IDDMK1,222 env gene, in order to reduce the likelihood
Simpson, G.R., Patience, C., LoÈ wer, R., ToÈ njes, R.R., Moore, H.D.M., that small amounts of genomic DNA could bias the re-
Weiss, R.A., and Boyd, M.T. (1996). Virology 222, 451±456. sults. As a further precaution, RNA samples were also
ToÈ njes, R.R., LoÈ wer, R., Boller, K., Denner, J., Hasenmaier, B., Kirsch, processed without the RT step, to detect remnant geno-
H., KoÈ nig, H., Korbmacher, C., Limbach, C., Lugert, R., et al. (1996). mic DNA. The Southern blot of these RT-PCR productsJ. Acquir. Immune Defic. Syndr. Hum. Retrovirol. (Suppl. 1) 13 S261±
revealed that 7 of 12 patients with type 1 diabetes andS267.
6 of 12 control subjects had evidence of the IDDMK1,222-ToÈ njes, R.R., Limbach, C., LoÈ wer, R., and Kurth, R. (1997). J. Virol.
like env RNA sequences in the plasma (Figure 1B) with-71, 2747±2756.
out demonstrable contaminating genomic DNA (FigureVogetseder, W., Dumfahrt, A., Mayersbach, P., Schonitzer, D., and
1C). This RT-PCR study suggests that HERV-K viremiaDierich, M.P. (1993). K. AIDS Res. Hum. Retroviruses 9, 687±694
appears to be a common human occurrence but not aWeissmahr, R.N., BoÈ ni, J., and SchuÈ pbach, J. (1997). J. Virol. 71,
3005±3012 finding specifically associated with the onset of type 1
diabetes.
In further studies, we cloned the IDDMK1,222 env from
peripheral blood genomic DNA of a patient with typeHERV-K10s and Immune-Mediated
1 diabetes and sequenced 38 clones amplified using(Type 1) Diabetes
PCR primers complementary to the putative IDDMK1,222
env gene. A family of seven (RIC1 to -7) closely related
Immune-mediated (type 1) diabetes is a multigenetic, HERV-K10-like sequences were found suggesting that
autoimmune disease that is environmentally influenced, several HERV-K10-like sequences similar to IDDMK1,222
with worldwide incidence rates that vary greatly (Atkin- are present in the human genome. All of the sequences
son and Maclaren, 1994). Whereas the inductive events show high degrees of homology with that of HERV-
remain speculative, a viral etiology has been frequently K10 with identical sequences between IDDMK1,222
implicated (Maclaren and Atkinson, 1997). Conrad and and RIC1 (GenBank accession numbers: AF084864,
colleagues have proposed that the pancreatic b cell AF084865, AF086866, AF086867, AF086868, AF086869,
damage is mediated by autoreactive T lymphocytes and AF086870). Our findings, taken together with those
activated systemically by a retroviral superantigen (Sag). of Conrad et al., rather strongly suggest that IDDMK1,222
This hypothesis is based on three observations: the should be considered to be one of the multiple variants
enrichment of Vb7 in the receptor repertoires expressed of HERV-K10 rather than a specific entity. On the nucleo-
by T lymphocytes in the pancreas of two recently diag- tide level, there is greater than 90% homology between
nosed diabetic patients (Conrad et al., 1994); the sub- HERV-K10 and IDDMK1,222 env gene. The amino acid
sequent cloning of a superantigen encoded by the en- variability of the env and pol sequences of HERV-K10,
velope (env) gene of a species of the endogenous and the IDDMK1,222 is less than 5% (Conrad et al., 1997)
retrovirus HERV-K10 (IDDMK1,222); and the demonstra- This is similar to the variance observed between the
tion that the Env protein of this virus mediates a Vb7- other HERV-K10-like clones isolated from genomic DNA
biased Sag effect on lymphocytes irrespective of their (LoÈ wer et al., 1995), which is markedly less than that
HLA phenotype (Conrad et al., 1997). In that report, the observed in env genes of other RNA viruses. Further-
onset of diabetes appeared to coincide with a demon- more, it is unlikely that IDDMK1,222 is a functional virus
strable IDDMK1,222 viremia that was not detected in con- as it has type 1 HERV-K genome with a 292-nucleotide
trols. We tried to confirm this latter finding in view of its deletion at the pol±env boundary (LoÈ wer et al., 1995).
potential importance, but could not. Whereas expression of RNA transcripts of IDDMK1,222-
In our studies, plasma samples derived from 8 newly like proviruses appears not to have specificity for diabe-
diagnosed diabetic children of 5±15 years of age (within tes, it is conceivable that the virus could provoke a patho-
one month of their clinical diagnoses) and 4 with estab- genic immune response in an individual genetically
lished type 1 diabetes, as well as 12 age-matched nondi- predisposed to type 1 diabetes, by a Sag-mediated expan-
abetic controls, were processed using the protocol that sion of an autoreactive T cell subset, or by other mecha-
Conrad et al. described in their epidemiological study nisms. To evaluate whether patients with type 1 diabetes
(Conrad et al., 1997). The Southern blot of the reverse- produced an immune response to IDDMK1,222, immu-
transcribed (RT) polymerase chain reaction (PCR) prod- noblots were performed using recombinant IDDMK1,222
ucts we obtained revealed that most plasma samples env (z20 kDa of RIC clone 1) and HERV-K Gag proteins.
had evidence of LTR-flanked nucleotide sequences (Fig- Western blot studies were performed using the bacterial
ure 1A) whether they were from patients or controls. This lysates with patient sera at a 1 in 250 dilution. Seroreac-
was not unexpected in that NCBI database searches tivity to the IDDMK1,222 Env protein was observed in 8
suggest that the oligonucleotide primers used for this of 19 diabetic and 7 of 17 control patients (Figure 2C).
study could amplify a sizable proportion of the 10,000 Two of four of the authors (N. M. and M. L.) tested were
HERV-K LTRs located within the human genome (LoÈ wer found to be strongly positive for Env antibodies. Further
et al., 1996). We concluded that these RT-PCR data dilutions of patient sera to detect the highest titers of Env
could be explained if most of the plasma samples con- antibodies did not bias the findings toward the diabetic
tained either IDDMK1,222-like RNA, genomic DNA, or patients nor alter the lack of specificity of the study.
both. In order to minimize the impact of possible con- Since immunoreactivity to IDDMK1,222 proteins may
tamination with genomic DNA, all RNA samples were have been more evident prior to diagnosis of diabetes
at an earlier point in the natural histories of the patients,incubated with DNase prior to their amplification using
